To assess clinical significance of breath-by-breath variation of tidal volume and its distribution pattern displayed as a histogram, continuous measurementof tidal volume was madewith electrical impedance pneumography for about 60 minutes. Subjects were composed of 26 normal male and 46 patients including 17 patients with restrictive lung disease and 29 patients with obstructive lung disease. To evaluate variation of tidal volume quantitatively, coefficeint of variance (C.V.) was used. In comparison to the normal pattern of distribution (C.V. = 26.0 ± 7.5%, mean ± S.D.), patients with restrictive lung disease showed extremely narrow pattern of the distribution and significantly smaller C.V. (17.5 ± 4.6% in old pulmonary tuberculosis, P < 0.005 and 18.9 ± 9.3% in pneumonitis, P < 0.025). Whereas, patients with obstructive lung disease showed widespread pattern of the distribution and significantly greater C.V. (43.2 ± 13.0% in pulmonary emphysema with hypercapnia, 33.0 ± 7.5% in normocapnia and 35.8 ± 9.4% in asthmatic attack, P < 0.005). In all the patients with bronchial asthma after the treatment, the extremely widespread pattern of histogram was returned toward the normal one and the C.V. was decreased (22.4 ± 6.4%). It was suggested that the distribution pattern of tidal volume was affected by the change of clinical condition, and was well correlated to the pathophysiological process related to restrictive or obstructive lung disease. Weconclude that anlysis of tidal volume distribution by the histogram is one of the useful approach to managepatients with respiratory diseases.
It is well known that physical airway attachments such as a facemask or mouthpiece with a noseclip produce a significant increase in tidal volume with unaltered, or decreased respiratory rate1"3'.
It is also suggested that these devices could alter periodicity and variability of breathing components4' . To analyze clinical information embedded in natural and spontaneous breathing, non-invasive approach without physical connection to the airway is indispensable.
In view of this status of respiratory monitoring, we, at present, can use several kinds of noninvasive method for monitoring and measuring ventilation6'. One of them, electrical impedance plethysmography (pneumograph) has a specific advantage of its non-invasiveness and easy applicability to any subjects, even in the severely ill condition . Through the basic investigations ' , we have been applying this technique to respiratory monitoring and recognized its usefulness for daily clinical use.
In this study, we investigated clinical signifi-cance of breath-by-breath variation of tidal volume in normal subjects and patients with various respiratory diseases.
METHODS

Subjec ts
Twenty-six normal male, aged from 19 to 46 who had no history of respiratory disease were studied for the control. Forty-six patients were composed of 10 patients with old pulmonary tuberculosis whose vital capacity was under 50% of the predicted value, 7 patients with pneumonitis in severe respiratory failure, 22 patients with pulmonary emphysema, 5 of whomwere with hypercapnia (Pacc,2 > 45 mmHg), the remaining 17 were with normocapnia, and 7 patients of bronchial asthma during attack and after the treatment. All but 3 patients with bronchial asthma were male. Diagnosis of all patients were confirmed by medical history, clinical examination, and pulmonary function tests. Morphometric data, pulmonary function test and arterial blood gas values for all the subjects are shown in Table 1 .
Apparatus and Procedure
The impedance pneumographemployedwas a four-electrode system (Toshiba Electric Co., Japan).
A constant high frequency alternative current (50 kHz, 1.5 mA) was applied to the thorax through the outer pair of electrode, Ei and E4, placed bilaterally on the posterior axillary lines at the level of mamilla. Transthoracic impedance changes accompanying respiration were detected as voltage changes between the inner pair of electrodes, E2 and E3, placed 3 cm medially to Ei and E4 at the same level respectively. The electrode used was a disposable disc electrode for ECG monitoring (3M Co., USA). The relationship between impedance change (AZ) and ventilatory volume change (AV) was essentially linear in the normal tidal volume range. However,nonlinear relationship was sometimes seen for small tidal volume, especially when it was less than 300 ml. To solve this problem and improve the accuracy, a Butterwoth low-pass filter to eliminate the cardiac impedance change on pneumographic recording and a microprocessor aided calibration system were installed as detailed in our previous report9.
At It was confirmed that the C.V. in normal subjects showed a normal distribution because the values, if plotted on normal probability paper, yield an almost straight line. So we thought distribution of C.V. in diseased subjects could be assumed, a priori, to be normal. From this point, statistical analysis was performed using paired and unpaired Student's t tests. A p value less than 0.05 was considered significant.
RESULTS
Typical tidal volume histograms of each group of subjects are shown in the following. and whose vital capacity is 35% of the predicted value. The peak value of frequency is markedly increased to 44%, and about 80% of total breaths are included between the range of 250 to 350 ml ofVx. S.D. and C.V. are decreased to 57 ml, 18.5% respectively. Narrowing of the distribution is clearly seen in comparison to the normal one. Fig. 4 Figs. 5 and 6 are of patients with pulmonary emphysema, the former one is 56 years old man with hypercapnia (Pacc,2 67 mmHg), the later one is 64 years old man with normocapnia. In Fig. 5 , the peak value of frequency is decreased to 17%, S.D. and C.V. are increased to 150 ml, 51.5% respectively.
The distribution shows widespread pattern.
It is also characteristic that the frequencies of smaller Vt are increased, and the distribution is unsymmetrical being more inclined toward the left side and extended long toward the right side. In Fig. 6 , the peak value of frequency is increased compared to the Fig. 5 , but the distribution shows some widespread pattern. S.D. is 132 ml andC.V.is 36.4%. Values are given as mean ± SD. * P < 0.005, ** P < 0.01, #P < 0.025 when compared to normal subject.
wide range, the distribution shows extremely widespread pattern with the large mean Vx» After the treatment, the distribution returned toward the normal symmetrical pattern with the smaller mean VX-S.D. and C.V. are decreased from 229 ml to 119 ml, 38.4% to 28.2%respec-tively.
Mean, S.D., C.V. of tidal volume, mean respiratory rate, and mean minute volume for all the subjects are given in Table 2 . The mean Vx for the normal subjects was 409 ± 96 ml, C. In bronchial asthma after the treatment, every parameters return to the levels that are not significantly different from those of the normal subjects. We conclude that graphical analysis of tidal volume distribution by the histogram is one of the useful approach to managepatients with respiratory diseases.
